A. Tabazadeh et al., "Nitric acid scavenging by mineral and biomass burning aerosols," Geophysical Research Letters, vol. 25, no. 22, pp. 4185-4188, Nov. 1998. 
]. Also recent comparisons of HNO 3 gas phase abundance against field data suggest that conversion of HNO3 into nitrogen oxides on soot and sulfate aerosol surfaces may be less important than previously thought [Wang et al., 1998 , Singh et al., 1998 ]. In this work we investigate how mineral and biomass burning aerosols may affect the HNO 3 gas phase abundance in the upper troposphere by providing a chemical sink for HNO 3.
• Data Presentation and Analysis Figure 1 illustrates the seasonal variation in the observed HNO3 gas phase concentration. Also shown are calculations from the Harvard/GISS model [Wang et al., 1998 ]. Most of the HNO3 data shown in Figure 1 was obtained during the NASA PEM-West A and B field programs over the western pacific ocean [Thakur et al., 1998 ]. In general the majority of locations over the globe show similar seasonal patterns as that shown in Figure 1 [Thakur et al., 1998 ]. In the upper troposphere, the observed HNO 3 values are about 2 to 10 times higher during winter, whereas the calculated values are about a factor of 2 larger during summer. The seasonal variation in the measured HNO 3 values indicates that the HNO 3 concentration may be affected by unknown chemical processes, which are highly sensitive to the seasonal and geographical variations of the background aerosol. For instance, the measured concentrations of dust and biomass burning aerosols are relatively higher during spring and summer as compared to winter over the tropics [Penner et al., 1992] Here we analyze bulk aerosol composition data collected using the DC-8 aircraft during the recent NASA SUCCESS field program [Toon and Miake-Lye, 1998 ]. The Dual-inlet aerosol sampling system used during the flights has been described elsewhere ]. Bulk aerosol samples were collected with 10-15 minute time resolution on Teflon filters for determination of soluble ions species ]. [Tabazadeh and Toon, 1998 ]. Therefore, the excess nitrate in the samples cannot be accounted for by the H + ion, which is not measured in filters, and is often added to the samples for charge balance calculations. Thus we suggest that the excess remaining nitrate was on dust particles and was associated with one of the metallic ions shown in Figure 2 .
In Figure 3 a correlation plot is shown for mineral ions with respect to the nitrate ion (note that the amount of nitrate needed to neutralize excess ammonium to NH4NO 3, as described above, has been subtracted from the total nitrate mixing ratios shown in Figure 2) . The data points show some tendency to cluster around the calcium (or magnesium) nitrate slope. However, the agreement is not as good as that shown for the (NH4)2SO 4. This is probably related to the fact that some of the 
NH4HCOO(aq) + HNO3 (g) --> NH4NO3(aq) + HCOOH(g) NH4CH3COO(aq) + HNO3(g) --> NH4NO3(aq) + CH3COOH(g ) (NH4)2C204(aq) + 2HNO3(g) --> 2NH4NO3(aq) + C2H204(g)
These reactions will occur in the atmospher6 since the pK• of HNO 3 (--1) is much lower than the pK a of the organic acids involved (the pKa range for the above acids is between 1 to 5). Hence thermodynamics will favor the displacement of a weak organic acid in solution by HNO 3. However, solubility data at low temperatures are required to investigate at what solution pHs these organic acids will leave the aerosol. Thus, the above reactions may not only remove the HNO 3 from the gas phase but they may also provide a source for the release of organic acids into the atmosphere far away from the source or even in the upper troposphere.
Summary
We suggested several displacement reactions on dust and biomass burning aerosls, which can irreversibly remove HNO 3 t¾om the vapor phase. Including such aerosol reactions in global chemistry-transport models may help to reverse the current seasonal trend in models toward better agreement with the observations. Since land use changes have greatly increased the emissions of both mineral and biomass burning aerosols into the atmosphere [Penner et al., 1992; Tegen et al., 1996] uncovering the mysteries about their chemical and climatic affects are of great importance. Thus future field programs to investigate the composition of aerosols in the upper troposphere over locations other than central US are highly desirable for assessing the possible global impacts of soil and biomass aerosols on the composition of the upper troposphere.
